As part of a program to derive distances of galactic cluster Cepheids independent of cluster ZAMS-tting, we have used new, high-quality light and radial velocity curves of the Cepheid CV Mon supposed to be a member of the sparse cluster Anon van den Bergh to obtain its distance and mean radius from the visual surface brightness method. We nd the distance to CV Mon to be 2160 160 pc which is 20 percent larger than the ZAMS-tting distance to the cluster determined by Turner (1978) , but cluster membership of CV Mon is still possible given the relatively large uncertainty ( 25%) of the ZAMS-based distance.
INTRODUCTION
The derivation of distances to nearby late-type galaxies from the observed mean magnitudes of their Cepheid variables is a fundamental step in the calibration of the extragalactic distance scale, and hence in the determination of the correct value of the Hubble constant.
While the number of Cepheids detected and measured in nearby galaxies, and thus our potential to use this fundamental distance calibrator more extensively, has increased considerably in recent years, the problem of measuring correct distances to our local, galactic Cepheids and thus nding the correct zero point of the Cepheid period-luminosity (PL) relation has not yet been settled to a satisfactory degree. This is the third paper in a series devoted to deriving distances to Cepheids in open clusters and associations independent of ZAMS-tting or H calibrations. Our goals have been described in Papers I and II of the series (Gieren et al. 1994; Matthews et al. 1995) .
Our most important goal remains investigating the sources of systematic error inherent in the di erent methods of nding distances to Cepheid variables and to ultimately calibrate the zero point of the PL relation to within a few times 0.01 mag, compared to current accuracies of 0.1 -0.2 mag (cf. Gieren & Fouqu e 1993; Gieren, Barnes & Mo ett 1993; Jacoby et al. 1992 ).
Our approach is to apply the visual surface brightness technique (Barnes & Evans 1976; Mo ett 1989; Gieren, Barnes & Mo ett 1993) to the cluster Cepheids (yielding both their distances and their mean radii) using new high-quality radial velocity measurements (and occasionally new photometric measurements when existing data are insu cient), supplemented by radial velocity and photometric data from the literature. We recall that the accuracy and reliability of the stellar distance derived in a surface brightness analysis depends critically on the quality of the photometric and radial velocity data used in the solution (e.g. Gautschy 1987 ).
PREVIOUS WORK ON CV Mon AND ITS SURROUND-ING CLUSTER ANON VAN DEN BERGH
The 5.4-day Cepheid CV Mon was included in the list of 13 cluster Cepheids used by Sandage & Tammann (1969) in their classical calibration of the galactic Cepheid PL and PLC relations. This was based on van den Bergh's (1957) discovery that CV Mon is lying in a loose cluster of faint stars, and Arp's (1960) conclusion from UBV photometry that CV Mon was likely a member of this anonymous cluster. A detailed description of this early work on CV Mon and the surrounding ensemble of stars has been given by Turner (1978) who himself obtained new UBV photoelectric photometry of the Cepheid and several nearby B stars. Turner's analysis of the existing photometric and spectroscopic data of the stars surrounding CV Mon, and star counts in the region around CV Mon led him to conclude that the existence of a sparse cluster of 20 stars of a diameter of 8 arcmin is real. Turner derived intrinsic colours of the stars and identi ed eleven stars as true ZAMS objects, yielding a value for the ratio of total to selective absorption of R = 3.09 0.34 p.e. and a true distance modulus of V 0 ? M V = 11.21 0.27 p.e. (corresponding to a cluster distance of 1750 220 pc). Since this cluster distance implies a Cepheid absolute magnitude of < M V > = -3.35 which is a value close to the prediction of the PL relation for a 5.4 day Cepheid, membership of CV Mon in Anon van den Bergh seemed likely.
Unfortunately, there has been no new work on the cluster since Turner's paper, which would provide improved reddenings and a more accurate distance to the cluster. However, there have been radial velocity observations of three giants in the eld near CV Mon which might be cluster members (see section 5 of this paper).
NEW PHOTOMETRIC AND RADIAL VELOCITY OB-SERVATIONS OF CV Mon
Since the surface brightness analysis requires V light and (V-R) J colour curves well sampled in pulsation phase and existing data in the R band are sparse for CV Mon, we decided to obtain fresh photometry for the Cepheid. 31 observations in the VRI (Cousins) bands were obtained from 1990-1992 at the 1m photometric telescope of the European Southern Observatory by one of us (WPG) using an aperture photometer equipped with a cooled RCA 31034 photomultiplier and standard VRI lters on the Cousins system. A small (10.8 arcsec) diaphragm was used to eliminate two nearby stars (at 11 and 14 arcsec; see Evans & Udalski, 1994) from the diaphragm and obtain uncontaminated photometry of the Cepheid.
The CV Mon magnitudes and colours were obtained di erentially with respect to nearby comparison stars of similar colours and were tied into the standard system using frequent nightly observations of E-region standard stars (Menzies, Ban eld & Laing 1980 Table 2 , and the corresponding radial velocity curve (using the same elements as given above) is plotted in Fig. 4 . Note that the data of Table 2 de ne a radial velocity curve of very low scatter, as expected from the accuracy of the individual observations which is usually better than 1 km/s, and sample the pulsation phases reasonably well. However, since our radial velocity observations span a relatively long time baseline of 8 years (omitting the rst three data), a slightly inaccurate period value is potentially a problem in phasing the individual data correctly. To check for the accuracy of our adopted period value of CV Mon, we compared our V light curve to the one obtained by Turner (1978) some 15 years earlier. This time di erence corresponds to 1000 pulsation cycles and produces a shift of 0.015 in phase between the two light curves, which means that the present period value is accurate to 1:5 10 ?5 . This implies that systematic errors in the phasing of the present new velocities due to a possibly incorrect period value is less than 0.01, which is borne out in Figure 4 , and therefore not a source of concern in our subsequent analysis.
We note that the phasing of the new light, color and radial velocity curves relative to each other is practically error-free, which is important in any kind of Baade-Wesselink analysis (Gautschy 1987 ).
DISTANCE AND PHYSICAL PROPERTIES OF CV Mon
In this section, we rst apply the visual surface brightness technique to CV Mon, using our new data, in order to derive the distance and the mean radius of the Cepheid. We then use these quantities to obtain its absolute magnitude, e ective temperature, mass and pulsation mode.
Surface Brightness Analysis
This method has been described in depth by Mo ett (1989) and Gieren, Barnes & Mo ett (1993) and was summarized again in Paper I and II, so only a brief outline is provided here. We can obtain D at each phase by integrating the radial velocity curve. First, however, a correction factor p must be applied to convert from radial to pulsational velocity. Using the formula determined by Gieren, Barnes & Mo ett (1993) , we obtain p = 1.368 which is appropriate for the pulsation period of CV Mon. The integration was performed on a fthorder Fourier series t to the radial velocity data plotted in Fig We adopt the Gieren, Barnes & Mo ett (1993) calibration of the coe cients in equation (3): m = -0.367 and b = 3.964 (appropriate to the period value of CV Mon). As for extinction, we assume the colour excess of CV Mon to be E(B-V) = 0.714 mag (Fernie 1990a ) and E(V-R)/E(B-V) = 0.84 (Johnson 1968) . We recall that the distance and radius values obtained in the surface brightness solution are almost independent of the adopted absorption correction (Barnes et al. 1977; Fouqu e & Gieren 1995) .
If V and (V-R) J are known at each pulsation phase, we can track the variation of the stellar angular diameter througout the pulsation cycle by combining equations (2) and (3). We have this information for CV Mon from the light and colour curves shown in see Gieren (1984) . The (V-R) J values calculated this way are given in the last column of Table 1 ).
The resulting values of as a function of phase are plotted as asterisks in Fig. 5 .
Superposed on this diagram is the (suitably scaled) linear displacement curve. It can be seen that there is very good agreement between the two curves for CV Mon at all phases, even close to minimum radius where we have found discrepancies for some Cepheids (e.g. Paper I). In particular, the two curves vary exactly in phase with each other (see next section). The resulting distance of CV Mon is d = 2230 160 pc. This value is slightly dependent on the metallicity of the Cepheid, and a solar abundance of CV Mon has been assumed in our calculation. No spectroscopic or photometric metallicity determination has yet been made for CV Mon, but it is likely that the star is slightly metal de cient at its galactocentric distance of 10.5 kpc (this value assumes a solar galactocentric distance of R gal = 8.5 kpc (Kerr & Lynden-Bell, 1986) ). Gieren, Barnes & Mo ett (1993) have shown how the surface brightness distance can be corrected for the galactocentric metallicity gradient found by several workers (e.g. Harris 1981; Giridhar 1986 ), and we adopt here their procedure which yields Fe/H] = {0.14 dex for CV Mon, and a corresponding distance correction of {70 parsecs. We thus adopt as our nal distance value for CV Mon d = 2160 160 pc
To give a feeling for the stability of our surface brightness solution to various factors, we mention that a least-squares t (assuming the linear displacements to be error-free) produces a radius and distance 8% larger than the bisector solution, which is a change of 1 . Changing the order of the Fourier series t to the radial velocity data between 4 and 6 (which are the ts which reproduce the steep decline of the RV curve reasonably well without creating arti cial undulation in the tted curve) changes the radius and distance by less than 1.5%, and changing the value of the colour excess has almost a zero e ect on the distance and radius (0.3% change from E(B-V) = 0.68 to 0.74), re ecting the method's insensitivity to the adopted absorption correction. Finally, a systematic change of -0.03 mag in the (V ?R) J data (omitting the constant +0.03 term in the interpolation formula given in the preceding section to obtain (V ?R) J from the Cousins (V-R) and (V-I) indices) changes the distance by +0.5%, and assuming E(V-R)/E(B-V) = 0.90 (instead of 0.84 assumed in this study) changes the distance by +7%, whereas the radius value is not a ected. We conclude that our present surface brightness distance and radius solution is reasonably insensitive (at most at the 1 level) to all these factors.
The values of the surface brightness distance and radius would be systematically a ected by the presence of a photometrically signi cant companion star to the Cepheid (Balona 1977; Gieren 1982) . Turner (1978) has shown that there is no indication of a blue companion in his UBV photometry of CV Mon, and our present VRI photometry does not indicate a red companion either. As mentioned before, great care was taken in the photometric observations reported in Table 1 and used in our analysis to make sure that there was no contamination with one of the nearby stars to CV Mon. The radial velocities do not provide any evidence of a changing velocity of CV Mon, and thus of binary motion of the Cepheid, either. We can therefore safely conclude that there is no companion to CV Mon which could a ect our surface brightness distance and radius solution at a signi cant level.
The Absolute Magnitude and E ective Temperature of CV Mon
To calculate the mean absolute visual magnitude of CV Mon, we adopt the color excess of E(B-V) = 0.714 mag given by Fernie (1990a) . This value represents a mean from observations carried out in di erent photometric systems and by di erent observers, and is reasonably consistent with Turner's (1978) determination of the B star colour excess in Anon van den Bergh of 0.78 and of 0.72 for the Cepheid itself. We further adopt R = 3.24 as the ratio of total to selective absorption (Gieren & Fouqu e 1993) . These values yield a visual absorption of A V = 2.31 mag for CV Mon. The mean V magnitude of the Cepheid as determined from our data in Table 1 is < V > = 10.313 0.002 mag, and using the distance to CV Mon of 2160 pc then yields an absolute magnitude of < M V > = -3.67 mag.
Unlike in our surface brightness distance solution, the uncertainty in the absorption correction has now its full e ect on the calculation of the absolute magnitude of CV Mon.
The main contributor to the uncertainty in < M V > is the uncertainty of our knowledge of R; Turner (1978) nds R = 3.09 0.34 pc from his variable-extinction analysis of the supposed member stars of the cluster around CV Mon, which is on one hand compatible with our adopted value of 3.24, but also shows the large uncertainty of this value. Crawford and Mandwewala (1976) give a range of R between 3.2 and 3.5, depending on the adopted reddening law. If we adopt uncertainties of 0.15 in R, 0.03 mag in E(B-V) and 160 pc in the distance to CV Mon, as obtained in the previous section, we obtain < M V >= ?3:67 0:36 mag Only 0.16 mag of this uncertainty is due to the distance uncertainty. We hope that future more exhaustive studies of the extinction in the eld around CV Mon will considerably reduce the absorption uncertainty and constrain the absolute magnitude of CV Mon much more than what is possible with current data, and thus make this Cepheid a tighter calibrator of the PL relation. Use of infrared photometry would certainly reduce the uncertainty in the absolute magnitude as well.
There are several ways to calculate the mean e ective temperature of CV Mon. One way is to use a suitable calibration of a T e -intrinsic colour relation, which can be converted into a T e ? logP relation assuming an appropriate period-colour relationship for Cepheids of the form log T e = log P + (4) Gieren, Barnes & Mo ett (1989) have shown that the e ective temperature vs. (B-V) 0 scales of Pel (1978) and Flower (1977) , which are intermediate between the extremes of the T e -(B-V) 0 calibrations found in the literature (Pel 1985) and refer to the ridge line of the instability strip, yield coe cients of equation (4) We can also use the mean surface brightness of CV Mon to estimate (in an approach more speci c to this star) its temperature. Using equation (3) and the mean (V-R) J colour of the star of 1.20 (from a Fourier series t to the data in Table 1 ), which yields a mean reddening-corrected colour index of < V ? R > J0 = 0.60, we obtain a mean value of the surface brightness parameter of < F V > = 3.744. Since F V log T e + 0:1BC, we obtain T e = 5610 K, where a bolometric correction of -0.052 is assumed which comes from formula (7) of Gieren (1989) .
We adopt as the mean e ective temperature of CV Mon an unweighted mean of the average of the values coming from the Pel and Flower T e -intrinsic colour calibrations, and from the mean surface brightness determined in this study. This yields T e = 5710 100K:
Radius, Mass and Pulsation Mode of CV Mon
As a consistency check of the surface brightness radius obtained in section 4.2 of this study, we can calculate a radius value from the L=L = (R=R ) 2 (T e =T e ) 4 relationship.
We obtain the luminosity of CV Mon from log (L=L ) = 0:4(4:75 ? (M V + (0:045 ? 0:133 log P))) (5) given in Gieren (1989) . To have an input value of < M V > which is independent of our present surface brightness analysis, we use < M V > = -3.55 as predicted from the PL relation of Gieren, Barnes & Mo ett (1993) . Equation (5) then yields L = 2190L :
Using the e ective temperature value of 5710 K for CV Mon derived in the previous section and T e = 5770 (Allen 1973) we nd a radius of R = 47:8R for CV Mon. This value is 12% smaller than the radius we nd from our present surface brightness analysis, but within the uncertainties of both determinations there is reasonable agreement.
To determine the mass of CV Mon, at least two di erent approaches are possible: use of a pulsational period-radius-mass relationship, and an evolutionary mass-luminosity relationship. After a long-standing discrepancy between the mass results for Cepheids produced by these di erent methods, reasonable agreement has been found, among others, by Chiosi et al. (1992) , and Gieren (1989) . To calculate a mass from the pulsational approach, we use the expression P 0 = 0:025(M=M ) ?0:67 (R=R ) 1:70 (days) (6) given by Fricke, Stobie & Strittmatter (1972) . This relation is valid for standard Pop. I composition, is essentially independent of T e (or L) over the temperature (luminosity) range in which classical Cepheids are found, and has only a mild dependence on metallicity.
Other calibrations of the PRM relation (6) yield essentially the same result (e.g. Cox, 1980) .
Interpreting the observed period of CV Mon as the fundamental mode period P 0 (see next section), and using R = 53.5 3.8 R (section 4.2), we obtian M = 8.0 1.5 M from equation (6). The radius value of 47.8 R fround from L and T e in this section yields a pulsational mass of 6.0 M , re ecting the strong sensitivity of the pulsational mass to the radius of the star.
If we use the evolutionary mass-luminosity relationship of Becker, Iben & Tuggle (1977) for Cepheid variables on their second crossing through the instability strip, which is log (L=L ) = 0:46 + 3:68 log (M=M ) (7) for standard Pop. I -composition, we nd a mass for CV Mon of 6.3M using a luminosity of 2450 L which is obtained from equation (5) with M V = -3.67. Correcting the ML relation (7) for its dependence on composition, as given by Becker et al., we nd a mass of 5.8 M for CV Mon if Fe/H] = -0.13 dex is assumed (see section 4.2). Core overshoot models as those described by Chiosi (1989) , produce somewhat lower masses for log (L/L ) 3.7.
As a conclusion, we nd a mass of 7M using our data and pulsation theory, and 5-6 M using evolutionary theory with or without core overshoot. Clearly, both determinations are consistent, within their respective (and unfortunately relatively large) errors, and we adopt for CV Mon a mass of M = 6:5 1:3M
In our use of equation (6), we have assumed that CV Mon is a fundamental mode pulsator. This is justi ed according to the following evidence:
a) The radius of 53.5 R found in the surface brightness solution is larger than the radius of 45 R expected from the galactic Cepheid period-radius relation of Gieren, Barnes & Mo ett (1989) , but its deviation from the mean PR relation (corresponding to the ridge line in the instability strip) is about 1.5 of the observed width of this relation, and thus consistent with the assumption of fundamental mode pulsation. We note, however, that pulsation in the rst overtone is not ruled out by the radius value we nd for CV Mon. b) While overtone pulsation among Pop. I -Cepheids may be possible for periods up to 8 days (Simon 1990) , the very asymmetric light and radial velocity curve of CV Mon clearly place this Cepheid into the fundamental mode resonance sequence in the 21 -period diagram (e.g. Antonello, Poretti & Reduzzi 1990) .
c) The absolute magnitude of < M V > = -3.67 and the e ective temperature of log T e = 3.76 found for CV Mon in this study leave the star well within the Cepheid instability strip for fundamental mode pulsation (e.g. Fernie 1990b; Iben and Tuggle 1975) .
These arguments, especially b) and c), leave little doubt that CV Mon is indeed a fundamental mode pulsator.
In Table 3 , we summarize the information on the physical parameters of CV Mon obtained in this study.
IS CV Mon A MEMBER OF THE CLUSTER ANON VAN DEN BERGH?
While the existence of the sparse cluster Anon van den Bergh seems to be reasonably well established (Turner 1978 CV Mon, which corresponds to 5pc at the distance of CV Mon of 2160 pc, and thus both stars could be cluster members if the cluster were to have a mean radial velocity close to +20 km/s. Obviously, to con rm this picture need accurate radial velocities for many more stars in the eld; these are hard to obtain since the brightest ZAMS members of the cluster are at V 13.5.
>From Turner's (1978) analysis it is clear that the ZAMS-tting distance to Anon van den Bergh cannot be considered as well established. Turner gives 1750 220 pc for the cluster distance, but the real uncertainty is probably larger than this, due to the very few stars on the ZAMS (19) available for the tting, uncertain membership for some of these, the large reddening of the cluster, and its unknown metallicity. Even so, the available ZAMStting distance to the cluster is not inconsistent with our surface brightness distance to CV Mon, and our distance result strengthens the case for cluster membership of CV Mon, in our opinion. It would be very worthwhile to search for additional cluster members (especially on the basis of radial velocities), and to carry out improved studies of the extinction in the eld near CV Mon, in order to obtain a more accurate cluster distance from the ZAMS-tting method. We need such an improved ZAMS-tting distance to Anon van den Bergh in order to de nitively decide on the membership of CV Mon, and in the context of the main goal of our current series of papers on cluster Cepheids, viz. to compare the surface brightness and ZAMS-tting Cepheid distance scales in order to improve the PL calibration to a few 0.01 mag in its zero point. (Table  1) . The phases are referred to maximum light in the V bandpass at HJD 2436592.852
and are calculated assuming a pulsation period of 5.378793 days. (Table 1 ). (Table 1 ). . Linear displacements vs. angular diameters for CV Mon. The solid line is the bisector least-squares t to the data which assumes equal errors for both quantities.
